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In vitro plantlet regeneration studies were initiated from
various vegetative organs of Solanum melongena L.
Best shoot regeneration (25 shoots per explant) was
obtained from leaf and stem explants (17 shoots per
explant) cultured on MS medium supplemented with
0.5mg/l Naphthalene acetic acid (NAA), although multi-
ple shoots were observed routinely on MS basal and MS
containing 1.0–6.0mg/l NAA on both leaf and stem
explants. Rooting of shoots (approximately 100%) was
achieved on MS basal medium. Regenerated plantlets
were then acclimatised by transferring them to enclosed
glass containers (18cm x 18cm x 25cm) which had the
lids opened 5–10 minutes each day for 14 days. The
plantlets were then transferred to fields with no shades
with 80% success; plants that survived produced fruits.
Karyotype analysis coupled with measurement of the
mitotic index revealed neither somaclonal variation nor
impaired frequency of cell division.
Solanum melongena L., or eggplant, is an economically
important and beneficial crop and is grown widely in tropical
countries. It is also a commercially valuable crop in Japan.
The fruit of the Malaysian variety (MTE1) is highly nutritious
containing 0.1% (w/v) fat, 0.5% (w/v) minerals, 0.7% (w/v)
fiber, 2.2% (w/v) protein and 6.8% (w/v) carbohydrate and
yields 38 calories per 100g (Idris 1990). In addition, the plant
synthesises the steroid alkaloid solanidine which has cos-
metic and medicinal uses; it has been used in the treatment
of diabetes, it can reduce cholesterol levels in the blood and
it is a successful pain-killer (Khan 1976). In order to max-
imise high yielding varieties it is highly desirable to be able
to clone the plant using in vitro techniques. Moreover, to
make the plant amenable to transformation techniques, a
reliable in vitro to field transfer protocol is essential.
Solanum melongena has been studied extensively in vitro.
Three types of regeneration occurred in a concentration-
dependent manner in response to NAA: 0.016mg/l giving rise
to roots, 0.8mg/l giving rise to callus, 8.0mg/l giving rise to
somatic embryogenesis (Matsuoka and Hinata 1978).
Solanum melongena has also been transformed using a
Agrobacterium tumefaciens-based system (Fillippone and
Lurquin 1989, Rotino and Gleddie 1990) and regenerated
from protoplasts (Gleddie et al. 1986) both offering long-term
strategies for the introduction of agronomically useful traits
into the species. However, despite these advances, the
potential for genetic improvement can only be realised if this
species can be regenerated and transferred to the field in a
routine way. In the report by Matsuoka and Hinata (1978) and
other previous reports, although the regenerants could be
transferred to the soil, there was no mention of the efficiency
of the method or percentage of survival nor the stability of the
cellular status. Therefore, in this paper, we report, for the first
time, efficient plant regeneration and a method for field trans-
fer of the Malaysian variety of S. melongena and also the cel-
lular stability of the regenerated plantlets.
Materials and Methods
Axenic culture of Solanum melongena
Seeds of Solanum melongena L. (2n = 2x = 24) were
obtained from the Malaysian Agriculture Research and
Development Institute, Serdang, Selangor. The seeds were
rinsed (3x) in sterile distilled water and soaked in 5% (v/v)
sodium hypochlorite solutions for 10 minutes and rinsed
again (3x) in sterile distilled water at 20°C in the dark.
Following complete imbibition, the seeds were then soaked
in a 2.5% (v/v) solution of sodium hypochlorite for 20min.
They were again rinsed with sterile distilled water (4x) and
dipped in 70% (v/v) alcohol for a few seconds, before being
cultured on MS basal medium supplemented with 30g/l
sucrose and 8g/l agar (Murashige and Skoog 1962), adjust-
ed to pH 5.8 prior to autoclaving. Stems, leaves and shoots
Introduction
Abbreviations: BA = benzyl adenine, IAA = indole-3-acetic acid, IBA = indole-3-butyric-acid, NAA = naphthalene acetic acid
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were excised into small pieces (5mm, 5x5mm and 10mm
respectively) and used as explants to initiate cultures.
Explants (stems, shoots and leaves) of different ages were
also tested (from 10, 15, 20, 25 or 30 day-old aseptic
seedlings). Various hormones at different concentrations
and variable pH were tested to optimise plant regeneration.
Multiple shoots obtained were transferred onto MS basal
with 30g/l sucrose and 8g/l agar for rooting for six months
under 16h light and 8h dark at 25 ± 1°C.
Methods for field transfer
For transfer of the regenerants to soil, the regenerants
(about 40mm in height) were removed from the culture ves-
sels and the roots rinsed under running tap water. The
plantlets were then transferred to autoclaved black soil and
enclosed in a glass container (18 x18 x 25cm). The plantlets
were maintained in the culture room for 2 weeks (25 ± 1°C
with 16h light and 8h darkness). The cover of the container
was removed for 5–10min every day in order to acclimatise
the plantlets to the culture room conditions. Once, the
plantlets were stable, they were transferred to the green
house (27 ± 1°C, 12h light and 12h darkness) and grown in
pots containing black garden soil for at least three weeks.
Sometimes the in vitro leaves abscised by this stage were
subsequently replaced by new ones. The plantlets were then
transferred to the garden (30 ± 1°C (day temperature), 25 ±
1°C (night temperature), 12h light and 12h darkness with
80% relative humidity). The plantlets were watered daily in
the morning and evening.
Chromosome counts and mitotic index from in vivo and
in vitro roots
Primary roots (30mm long) from five day-old seedlings and
30mm long roots from plantlets regenerated in vitro (after six
months in culture) were excised and fixed in 3:1 (v/v)
absolute ethanol: glacial acetic acid. Permanent Feulgen-
stained squash preparations were made as described by
Francis (1981). The mitotic index (MI) (sum of prophase,
metaphase, anaphase and telophase expressed as a per-
centage of all cells) was measured in a series of transects
across the width of the coverslip. One thousand cells per
slide and three slides per treatment were scored. For deter-
mination of chromosome counts, the same permanent
Feulgen-stained squashes used for scoring MI were utilised.
Chromosome counts were made of suitable chromosome
spreads and at least 15 metaphase plates were counted for
each treatment.
Results and Discussion
Effects of NAA
Figure 1 shows the response of leaf and stem explants of S.
melongena to various concentrations of NAA. Other hor-
mones including BA, zeatin, kinetin, IBA and IAA were inef-
fective (data not shown). The data are consistent in demon-
strating that 0.5mg/l and 1.0mg/l of NAA resulted in signifi-
cantly higher numbers of shoots from both leaf and stem
explants compared with the other concentrations employed
(P<0.05). Moreover, since 1.0mg/l NAA resulted in multiple
shoot formation it was chosen as an optimum medium for
subsequent experiments. Note that a substantial number of
shoots formed on the basal medium. However, more shoots
formed earlier (at six as opposed to eight weeks after trans-
fer to the medium) in the 0.5–1.0mg/l NAA treatments. Our
results were different from those obtained by Matsuoka and
Hinata (1978), working on the same species (different vari-
ety) but using hypocotyls. They found that organogenesis,
callus and somatic embryogenesis were induced by
0.016mg/l, 0.8mg/l and 8.0mg/l NAA, respectively. The dif-
ferent results obtained in the two studies may be due to
genotypic variation. In this study we did not attempt any cell
suspension culture of this species.
Effects of pH
Figure 2 shows the effect of different media pH on in vitro
shoot production of S. melongena. The MS medium supple-
mented with 1.0mg/l NAA adjusted to a pH of 6.8 gave the
best response, whereby an average of 30 shoots per explant
were produced from leaf-derived callus and 28 shoots per
explant from stem-derived callus. Although a pH range of 4.8
to 7.8 could sustain shoot regeneration, and pH 6.8 pro-
duced a greater number of shoots after six weeks, these
became necrotic later. Further, shoot production, albeit
lower, was faster on pH 5.8 (22–25 per explant after 3 weeks
from both stem and leaf explants), thus a pH of 5.8 was cho-
sen as optimum pH for subsequent experiments. 
Age of explants
The effect of different age of explant sources were also test-
ed on MS media supplemented with 1.0mg/l NAA at pH 5.8,
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Figure 1: The effect of different concentrations of NAA on shoot
production by stem and leaf explants of Solanum melongena L., n
= 30, bars = std.error of the average readings
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in order to find out the best age of seedling to be used as
explants. The data in Figure 3 show that 25 day-old
seedlings provided leaf and stem tissue which formed the
highest number of shoots in vitro. Numerous reports in the
literature also demonstrate that the age of the parent plants
is critical for successful regeneration (Pierik 1979). For
example, Davies and Dale (1979) found that older explants
of S. laciniatum could produce more shoots compared to
younger explants. Wickham et al. (1980) also made similar
observations with cotyledons of Parthenium hysterophorus.
In the present work, the percentage of rooting of the
shoots was very high, almost 100%. After a few weeks of
acclimatisation, the plants could survive very well (80%) and
they produced normal fruits 1–2 months later. In comparison
with the previous reports, there was no mention of the sur-
vival frequency nor the cellular stability. Using our methods,
we managed to produce plants true to type, based on cellu-
lar investigations and also morphological observations. 
Mitotic index and ploidy level
The chromosome count in intact seedlings was 20–24,
whereas in regenerated plants, it was 22 and 24. The mean
MI for the intact plant was lower, whilst for the plants derived
from tissue culture it was higher (Table 1). Hence, the proto-
col neither affected the ploidy level of the regenerated
plantlets nor the frequency of cells in division. This further
suggests that a uniform growth response without somaclon-
al variation was achievable with this micropropagation pro-
tocol.
Conclusion
MS media supplemented with 0.5mg/l and 1.0mg/l of NAA
gave the highest number of shoots from both leaf and stem
explants. pH medium of 5.8 was chosen as the best pH for
subsequent experiments because quite a large number of
shoots were produced per explant at this pH and took short-
er time (3 weeks) compared with other pH. Twenty-five day-
old aseptic seedling was the best age to use for culture,
based on the ability to regenerate faster in vitro and to pro-
duce the highest number of shoots from both leaf and stem
explants. Rooting of this species was quite easy (about
100%) and percentage of survival after acclimatised was
high (80%) and 1–2 months later, the regenerated plants
produced fruits. The culture protocols neither affected the
ploidy level of the regenerated plants nor the frequency of
cell division and no somaclonal variation was detected.
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